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cuthor 1: Borostctakiy, V.B,, oipiilbinad Khlobuikov, <..K, 
Title ¢ Concorning tho Ridi®€ion Corrostinn to tho, sicson Liagne tio 


Lonont, 


Orig Pub : Zh, oksporim, i toor, fiziki, 1956, 30, No 4, 736=789 


abstract : The deviction from the Schwingor formula is ecrleulated for 
thy ridiation corrcetion to tho Magnotic moment under the 
assumption that th. intogration with rospoct to the moneonta 
must bo ,rostrictce t) an uppor limit )\., whoro h/ >» ."-£10715 
-- 10°°* om, in connsction with the ros ts obtainod Q, Landau 
and Pomornanchuk (liofsrat Ziaur Fizika, 1956, 15753, 21813, 21314) 
cone. rning tho innpplioakility of tho modorn fiold th.ory to: 
such distancos, If chis corroction is writto. in the fora 

Mfr = (> 2) (1 =F), thoad F = (2/3)mo/ , whoro 
mis tho mass of tl.o partiolc, For th: “ emison, tho%vnluc 
of d F mny turn out to bi. not too smell, 
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AUTHORS: Basov, N. G., Krokhin, 0.N., Popov, Yu. M. 


5 | : 
TITLEs Semiconductor Amplifierd and ganetatore Wicks Carriers Have 
a Negative Effective Mass 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 38, No. 3, pp» 1001-1002 


TEXT: Kroamar (Ref. 1) made the suggestion to use carriers with a 
negative effective mass in semiconductors for the amplification and 


such states it is advisable to use a constant electric field. In the pre- 
sent "Letter to the Editor" the authors demonstrate that it is impossible 
to produce states with negative losses by using a constant electric 
field. The condition wt(en)[1-£(€ ,)In(eoy-we(e 4) (1-£(¢ 5) ine) 

= wn(4u) { t(é5)-£(£ 4) > O must be satisfied for the energies a 
(f!.) 4a the electron distribution function, n(A-) ie the number a 
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photons of an energy hu = Eo- by» wis the probability of spontaneous emis- 


sion), To obtain amplification, it was necessary that df(t )/de ~ 0, at 
least at some points of the range Eo7 fs This is nowhere the case if 


thermodynamic equilibrium is to be maintained. Direct calculations 
(Refs, 2-5) have shown that it is impossible to disturb thermodynamic 
equilibrium go strongly that df(+)/de > 0, if E = const, as was assumed 
by Kroemer. Also if in the case of anisotropic sones some cosaponents 

of the mass tensor are negative for certain values of the quasi-pulse, 
df/de -- 0 cannot be attained if E = const. Thie ie due to the fact that 
in the case of semiconductors the interaction constant for acoustical 
and optical phonons is of the same order of Magnitude. For a system of 
semiconductors with negative losses it is therefore necessary to obtain 
tates with negative temperatures if df/de > 0. There are 6 references, 
3 of which sre Soviet. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 


{Physics Institute imeni P. N. Lebedev of the Academy of 


Sciences, USSR XT 
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AUTHORS: Krokhin, 0. N., Fopov, Yu. M. \ 
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TITLE; Slowing-down Time 2f Non-equilibrium Carriers in Semicon- 
ductors 
PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 


Vol. 38, Now 5, pp.» 1589-1592 


TEXT; The determination of the slawing-down time of minority carriers is 
particularly important to the development of quantum-mechanical semicon- 
ductor generators and amplifiers. Negative losses in semiconductors may 
ocour if the production time for negative temperatures in them (slowing- 
down time) is shorter than the lifetime of the produced external excitations 
of fast electrons and holes. The authors regard those electrons (holes) 

as minority (fast) carriers, the initial energy € of which is considerab- 
ly higher than the mean thermal or degeneration enérgies (if the gas is de- 
generate), but not higher than the threshold energy of impact ionization of 
the valency band. In sufficiently pure crystals of regular shape, the 
slowing down of electrons is due to scattering by lattice vibrations. Im- 
ae e and defects need not be taken into account. The following 
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calculations, which are only made for electrons of the conduction band, 
hold analogously for the holes of the valency band. The calculations pro- 
ceed from the equation of motion for the eleotron distribution function 
£(p) in the crystal, taking the Fermi degeneracy of the eleotron gas into 
account. In order to investigate the slowing-down of electrons in the ab- 
sence of an electric field and with t(p) = f(&), where € ig the electron 
energy (€ = p*/2m), the authors first give expressions for af(e)/at, 

the electron lattice collision time t, the energy state density Q(€), and 
the variation of the mean eleotron energy in time dE/dt. By use of these 
relations they study the slowing down of a single electron without con- 
sidering degeneracy. f(E)@(€) = 8(€ - E) holds in this case. The case of an 
acoustic phonon is treated first. For the slowing-down time from E_ to E 
due to electron scatterings by acoustic lattice vibrations one obtains: 


-1/2 ,-1/2 1/22 ' 
t = (2/a,)(E -ES ji ays 2(2m) /“u /1, (TET where 1_, is the mean 


free path of the electron in scattering, u is the velocity of sound, and T 

ig the lattice temperature. Next, the authors investigate the slowing down K 
of a fast eleotron by optical lattice vibrations of a valence-type semi- 
conductor. An expression is derived for tot’ Furthermore, 
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aid the ® 107? holds. In the following, degenuracy is taken into account 


and the slowing-down times are compared with ono another, both regarding 
and disregarding degeneracy. It is found that the sSlowing-down time is 

not essentially influenced by taking degeneracy into account. N. G. Basov 
is thanked for discussions. B. I. Davydov and L. ¥V. Keldysh are mentioned. 
There are 5 references: 3 Soviet, 1 US, and 1 British. 
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SUBMITTED: December 17, 1959 
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AUTHORS: Basov, N. Ge, Krokhin, O. te’ Popov, Yu. M. 


TITLE: The Possibility of an Application of Indirect Transitions 
to Produce Negative Temperature in Semiconductors. 


PERIODICAL: Zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 5(11), pp. 1486 ~ 1487 


TEXT; In some semiconductors, especially in germanium and silicon, the 
infrared emission and absorption edges correspond to the indireot tran- 
sitions, that is during emission and absorption of a photon emission or 
absorption of a phonon takes place simultaneously. The long wave emission 
corresponds to simultaneous emission of photon+phonon on these transi- 

tions. In a sample with a low enough temperature where the phonons " 
necessary for absorption are missing in the lattice, the emission with 

the longest wave will not be absorbed and here the sample will be prac- 
tically transparent. If the carrier concentration ie increased with 
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respect to the e,uilibyi:l concentration by means of any mechanism 
(exposure, electric ‘ield ete.) then under certain conditions a negative 
temperature should occur with respect to the considered transitions. 

The conditions for such « process should be: W/W <Toee/Ts where W 


and UW, ig the photon and phonon frequency, T the temperature of the 
sample and Tort the c::cctive temperature where the levels of the con- 


duction band with respect to those of the valence band are filled. For 
Germanium would hold Mb m25 and thus T.9/T>25, which would be ful- 


filled for a sample ut helium temperature if the excitation ig brought 
about by a radiution source or an external electric field. There are 
10 references: 1 Soviet, 8 US, 1 Czechoslovakian. 


ASSOCIATION: Fizicheskiy inatitut im. P. N. Lebedeva Akademii nauk 83SR 
fo a Institute imeni P, N. Lebedev, Academy of Sciences 
USSR 

SUBMITTED: October 3, 1960 

Card 2/2 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2" 


88459 
8/056/60/039/006 051/063 
USS) 1982. see ces ei 
C4h/a2O Chee 2//d- 
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TITLE; Conditions for Electron Exoitation of Negative Temperature 


States in a Gag Mixture 


PERIODICAL: Zhurnal ek sperimental 'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 6(12), pp. 1777-1780 


TEXT: 4 study has been made of the conditions, under which negative 
temperatureg May ocour in a gas discharge of « binary gas mixture, in 
which the atoms have the same energy levels. Experimental and theoretical 
publications by Sanders, Javan, 3. G, Rautian, I. I. Sobel'man, 4A. 
Ferkhman, S, Frish, V. K. Ablekov, M.S, Pesin, and I. L. Fabelinskiy are 
discussed in the introduction. Javan hae shown that in a binary gas 
mixture, in which two energy levels of different atoms are very close to 


other. This hag a géreat influence on the diutribution of excited states 
among the atoms. Following the results obtained by Javan, the authors have 
studied the case where the energy levels coincide, on the &ssumption that 
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T.) Th If the lifetime of an excited state were only dependent on aol- 


lisions of second kind between electrons and atoms, the number of excited 
atoms would be given by NisW oxp(-€,/kT.), where €, is the excitation 


energy} X is the number of atoms in the ground states and a is the 


electron temperature, On account of the conversion of excitation energy 
into kinetic energy and due to radiation Processes, Ny Js actually much 


smaller. This fact ig considered by referring the temperature only to two 
levels ef = €; of the atoms of the Gases @ and b. For such levels it may 


be assumed that the interaction cross section for the atoms has a resonance 
character, Consequently, the excitation transfer between atoms a and b is 
considerable. Such an interaction between ef and oF can lead to a 

leveling of temperature. If, for example, T} is first greater than 7, E 
will be excited with a temperature Te’) 28, and a negative temperature ig 


likely to ocour between the level a and a level ee ce whose temperature 


a 
i 


Card 2/3 


- —S — RETA REPL RE TEED 
WHEAT SSP ptt PIE SUS ESTAS Biyaeete nae ty boos 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2 


"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2 


Posh yb aisch ape tie Se net yer ee RMR eee a te ae 


88459 


Conditions for Bleotron Exoi 
tati 
Temperature States in a Gas Mixture seeps 300 es 29 /006/051/065 


7 B/cayna! 

‘a ¢ (€5/Q) Ty. Several relatiens are derived for some detatls of these 
conditions. There are 1 figure and 6 references: 4 Soviet ana 2 Us 
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§ 
TITLE: Generation, Intensification, and Detertion of Infrarad H 


and Optical Radiation ah Means of Quantum Systems 


PERIODICAL: Vapekhi fizicheskikh nauk 1960. Vol. 72, No. 2 
PP. 161 - 209 


TEXT: The present Paper gives comprehensive survey of the theory, 
the possibilities of application, and the Prepertie3 of molecular 
generators and intensifiers. In the introduction ths authors discuss 
the sources cf @iectromagnetic radiation which they divide into thre 
groups (thermal Source, luminescence source. and generatzirs) and 
wr.ch differ above ail by the width of the emission spectrum. They 
then diacsuss the principle of the generation and intensification of 
waves which is based cn the induction of transitions in quantun 
aystema (molecules, atoms, ions, ete.). Molecular generators. and 
paramagnetic intensifiers may be used for *he €ereration and 
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Radiation by Means of Quantum Systems 


intensification of aubmillimeter infrare4 and cptical waves. Te. 
prod ce such generators and intensifiers it is recessary to cbtain 
@ wystem which ig not in thermodynam!> equilibriam (1.e ina etate 
with negative temperature). In such a State the occupation of the 
energy levals is bound to increase with increasing energy, and the 
syatem ts bound to omit photons under the influence of a radiation 
~apinging from cutside, It may te used not only for the generation 
tut also fcr the intensification of Tadiation. In spite of the 
Srontansous radiation such intensifiers ar; considerably sensitive 

in the infrared. It has already been suggested to use spectral linag 
of different materials for Producing highly sensitive radiation ind:- 
catozs which are free from noises of apontaneous Tadiation. One of 
the most important characteristics of such a system with negative 
temperature is the "number of active Particles" i.e. the Particle 
excess on the upper levels compared with the lower oneg which are 
generated per unit time. Another important characteristics is the 
quantity - 23] den Aus, whore | ie 22 thesjuare of the matréx elemens 
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Radiation by Means of Quantum Systems 


of the dipole moment between the levels concerned, n the number of the 
active particles, and Alithe spectra} line width. The quantity K onterg 
the condition of the self-excitation of the generators and determines 
the intensification coefficient of the intensifier, as ts shown in 

part 8. In molecular gases K is in the em range only 1/103 sof the 
valse it has in crystals of paramagnetic f{ona. Similar conditions 
prevail also in the infrared. Hence the uge of solids seams to be the 
most promising. The present paper which Bives a survey of published 
data and the results obtained in this fieli is presented in the follow- 
ing way: Chapter I: methods of cbtaining states in systems with 
negative temperatures. Tha theory of negative temperatares; g 
cf molecules by means of an inhomcgensous vlectric or Magne+:- 
~n molecular beams; the exe tation of gas Nolecuies by means of €as 
discharge; momentum method of Producing nogativa Seuperatures in semi. 
tondicterss production of negative temperatures :n Sem. conductors 
between levelg lying within one conduction bani ("amplifier with 
Negative masa"), Produttion of negative temperatures hy the method 
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6,3300 (ined 2606 ) 8/030/61/000/003/004/013 
6,060 (2108, 110, 1138) B105/B215 
AUTHORS s Basov, N.G., Krokhin, 0.N., Popov, Yu.M. 
eee ee 
TITLE: Generation of coherent light by means of solids 


PERIODICAL: Vestnik Akademii nauk SSSR, no. 3, 1961, 61 = 66 


TEXT: A short survey is given on methods of producing generators for op- 
tical and infrared radiations, in which quantum transitions among energy 
levels in solids, luminophores, and semiconductors are utilized. Infrared 
and optical generators are mentioned which are based upon the principle 

of induced radiation in quantum systems of negative temperatures (N.G. 
Basov, A.M. Prokhorov, 1954); highly coherent radiation sources of lumi- 
nescent substances in infrared and optical spectral regions, exciting by 
strong optical radiation (1.G. Mayman, D.F. Nel*son, A.L. Shavlovy PePs 
Sorokin, 1960). The production of such sources is closely related to the 
problems of interaction between radiation and substance, structures of the 
energy levels ofthe substances, probability of radiation and nonradiation 
processes. SI. Vavilov contributed considerably to the solution of these 
problems. The action of permanent afterglow of organic luminophores which 


"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2 


APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2" 


"APPROVED FOR RELEASE: 06/14/2000 CIA-RDP86-00513R000826620005-2 


Es EE Tana 


1 
5/030/¢1000/003/004/013 
5 


Generation of coherent light .... B105/B24 


have been discovered by S.I, Vavilov and Vil. Levshin (1928) possibly ie 
used for creating new sources of light. P.P. Feofilov (student of 8.I. 
Vavilov) together with L.N. Galkin studied (1957) in detail absorption 
bands and emission of Utt++ in calcium fluorite. Resonators are used to 
inorease the interaction between radiation and substance of negative tem~ 
perature (A.M. Prokhorov, 19583 A.L. Shavlov, 1958). Furthermore, a report 
is given on the generation of optical and infrared radiation by applying 
activators in corundum and calcium fluorite, The optical radiation source 
used was a corundum crystal (41,0 ) with of Cr 0, impurities (0.05 per 
cent by weight). The wide absoeption band of the“transition level 


Ay to 4p, corresponds to a wavelength of 25600 A. Fig. 2 shows a sche- 


matic representation of the uraniun ion level in the calcium fluorite cry 
stal. Some methods of oreating negative temperatures in semiconductors 
are recommended (N.G. Basov, B.M. Vul and Yu.M, Popov, 1958) for gene- 
rating infrared and optical radiations by semiconductors, Negative tem- 
peratures of semiconductors can be reached by intrazonal electron-hole 
transitions, and by intrazonal transitions and transitions from the base 
region to the level of impurity atoms. So far, there exists no general 
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8/030 61/000/003/004/013 
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theory on the determinatio 
semiconductors, ‘The difficulties arioing in connection with high a high 
excitation energy, disappear when indirect transitions in cernenium and 
Silicon semiconductors fre utilized (N.G. Busov, 0.N. Krokhin, and Yu.M, 
Popov, 1960). The mininum energy in the conduction band of these semicon- 
ductors, and the maxinum energy in the valence band correspond to different 
values of the quasi-momentun of the electron (Fig, 4). The longest long- 


nimum conduction band into the maximum valence band, and at the same time 
& phonon is emitted So that the sum of the energies of photon and phonon 
equala 4, The wiéeth of the spontaneous radiation line in semiconduc- 

tors equals kP, In Papesaaiad Tt & change in frequency by superposition 
of a magnetic field of ™1.5°10"2 z de possible due to the low effective 


Carriér.- mass m, For germanium it ig 10% 3f the radiation frequency of 
intrazonal transitions in fields of H~10 Gauss, Probably it will soon 
be possible to develop generators of infrared and optical radiation which 
cun be used in laboratories, and also in various fields of science and 
technology. There are 4 figures, 
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GR SDY (alts NSB, 1055) me v ae 
AUTHORS : Basov, N.G., Krokhin O.N., and Popov, YuoM. 
TITLE: Generators and amplifiers of ligtit 


PERIODICAL: Priroda, no. 12, 1961, 16-25 


TEXT: This article deals with the development of quantum radiophysics and 
the theory, development and application of generators of monochromatio, opti- 
cal and infrared radiation. In 1952, a new principle of generating and 
amplifying electromagnetic radiation in quanta systems, based on induced ra- 
diation, was proposed by N.G. Basov and A.M, Prokhorov. In 1954-55, the fimt 
quantum generators of the electromagnetic waves of the centimeter band, 

based on induced radiation, were built. Quantum amplifiers of the centime- 
ter and decimeter wavebands, used for increasing the sensitivity of receiy- 
ing equipment and proposed for the first time in 1956 by HN. Blumbergen, are 
based on the 3-level system studied by N.G. Basoy and A.M. Prokhorov. Opti- 
cal generators, based on the same principles, were proposed for the first 
time in the USSR in 1957-58 by Basov, Prokhorov, B.M. Yul and Yu.M. Popov. 


It is stated that world-wide attempts are being made to use quantuz syatens 
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for the creation and development of generators and amplifiers in the meter 
and  traviolet wavebands and possibly also in shorter wavebands. The 
authors give a very general explanation of resonance absorption, induced and 
spontaneous radiation, and quanta systens working with "negative tempera- 

ture". They point out the need to develop devices ensuring the possibility 
of obtaining monochromatic radiation with the aid of media of finite dimen- 
sions, suggesting in this connection the use of a system of parallel mirrors, 
In radiowave generators. the Parallel mirrors are replaced by a resonator 
which can concentrate all radiation energy on one type of oscillation, thus 
ensuring high-direotivity radiation and monochromatizatioun. Discussing ge- 

arators of optioal and infrared radiation, the authors describe two types 
of generators,one of them using a «zixture of helium (pressure 1 mm Hg) and 
neon (0.1 mm Hg) excited by low-temperature discharge and enclosed in a 
quartz envelope. In the second type, spectral radiation lines of various 
solids, mainly monocrystals exoited by intensive optical radiation are used. 
The ™>r-crystal of a synthetio ruby has latterly been replaced by uranium and 
samarium ions in oaloium fluorite. Semiconductors, uved instead of lumines- 
cent crystala in optical and infrared radiation generators,also give very 
good as accomplishment of electrical excitation methods, high density od 
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of the excited centers, and the possibility of changing the generation rate 
in the magnetic field. In the high light concentrations of optical waveband 
generators, the light pressure may be up to 1 million at, and may be used 
for studying the properties of substances on strong electrical fields, ac- 
esleration of charged particles, acceleration of chemical reactions and 
exact processing of various Materials. Soviet scientist V.A. Fabrikant is 
mentioned in connection with Tesearch work in this field. There are 8 f1i-- 
ures and 2 Soviet-bloo references. 


ASSOCATION: Fizicheskiy institut im. P.N, Lebedeva AN SSSR(Moskva ) 
(Physics Institute im, PW, Lebedev of the AS USSR/Mcscow) 
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8/056/61/649/606/029/03) 
G4 50° B125/B202 
ANTHORS: Baanv, N. G., Krokhin, 0, N., Popov, Yu. M. 
TITLE: Produotion of states with negattva temperature in the 


r-n-jaunotions of dagenerata semicenductora 


PERIODICAL: Zhurnal akoporimontal ‘no b 
qi) ¢ y 1 toorettonoukey fteikt. ve. dt 
no. 6, 1961, 1879-1880 ele 


TEST: When applying a voltage in forward diresedon cf a pen-junotion in 

& denisonductor the oonsantration of the minority oarriarn tnoreauaa 

noar the pen Junotion, The maxtmun fNonsantration of thona carrtara 
oorroaponds ‘o tho oonipleta compunsution of the potent: barrier by on 
axturnal ffald. Tt correapondn nlmeosat to tant part off the “ryaral whera ‘ 
toa sarriern nara majority oarrdern. (In thio cage tie ben junction ‘4 
recarded ayonourary Juns*ion’y. Tha nagative femperatuco tn the band «tne 
bard transitions exsurn enly when tho Fermi Quratelevetny correypend init ¢ 
Ee oer soncentrations of the aiestran: nr halen satiety the 
condition Wy ty >A (1). In thie case u, and i denote tie Fermi 
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“quasi-levele" of tha electrons and holes, and QO the mtath ef the 
forbiddan band. When applying a yoltage in forward direatten ta a pen 
Junction the carriern nuiat be degenerate at least in ane pur’ of tna pen 
Janc*ton. Semfrondustars with syst Pen junetions prevad to be tunnel 
licdes, the meshantan +f the Mecurrance of these ataten ey n nogative 
tamperature atudiad hare doea net correspond te the tunnel part but te 
‘he vel*t-ampora part cf the Characteristtes cf the tunrei divte, In thea 
Pen junetlono ct tha ttrongly degenerate samiconducters &® atate with 
negative tampuraturs csoura before the potential barrier 34 completely 
Sompensatad, Pheretore, the dispersion thaory of a surrent Parsing 
through a pen junction can be uped for qualitative estinutions, Tha 
Minimum value of tho oxternal vol tage Weed at which uw state with nagative 
energy still oacura, t3 Uae Q/e where ¢ {0 the charga of the eleotron 
The order of magnitude of the ourrent density is iv -(cln /Lexp(al//kT) 


where D denoton the diffuaion ooeffiotent, L the diffunton length, and 
ny the electron denyity in the p-range of the semieonductor, The ourrunt 


density decreasea with increasing degeneracy and aloo with ducroasing 
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8/056/61/041/003/020/020 
G4177 (113°) B113/B102 
AUTHORS: Basov, N. G., Krokhin, 0. N., Lisiteyn, L. M., Markin, Ye.P., 
Osipov, By De 
TITLE: Negative conduotivity in induced transitions 


PERIODICAL: Zhurnal eksperimental'noy 1 teoretioheskoy fiziki, v. 41, 
no. 3(9), 1961, 968-989 


TEXT; In indirect transitions the carrier nooncentration at which a 
negative temperature ocours relative to the band-to-band transition, is 
Comparatively small. It is by some orders of magnitude lower than the 
concentration at which a negative abeorption coefficient exists for photons 
with an energy that is comparable with the width of the forbidden band. 
For the existence of a negative absorption coefficient it ig necessary 
that the probability of induced photon emission in the band-to-band 
transition considerably exceeds the photon absorption probability in the 
inverse process in order to compensate also absorption in inner transitions 
The processes, however, that are connected with internal absorption 
practically do not influence conductivity since they do not change the 
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Negative conductivity in induced... B113/B102 
total number of free carriers. The band-to-band transitions which are in K 


& state with negative temperature and which were induced by photon 
irradiation, reduce the number of free carriers and lead to a decrease in 
conductivity. Hence, the semiconductor which is in a state with negative 
temperature relative to the band-to-band transition is bound to have 
negative photoconductivity when irradiated with photons, whose energy is 
almost equal to the width of the forbidden band. The measurement of the 
Spectral dependenoe of the semiconductor Photocondustivity permits the 
determination of the states with negative temperatures also with lacking 
negative absorption coefficient. The authors made experiments for the 
production and observation of states with negative temperature in 

Silicon. The specimen was irradiated at 4°K with light of a wavelength 
smaller than 0.7 p which considerably increased ita conductivity. Upon 
additional irradiation with weak monochromatic light a conductivity 
reduction (negative photoconductivity) was ooserved for a series of 
Specimens in a narrow band of wavelengths near 1.3 yu. It can be assumed 
that the conductivity decrease observed is due to the existence of a state 
with negative temperature, However, also other explanations, such as 
impurity photoconduotivity, are possible. (Avstracter's note: Essentially 
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Negative conductivity in induced... Sani ee 
Complete translation.] There are 3 Soviet references. K 


ASSOCIATION: (piece ote: im. P. N. Lebedeva Akademii nauk SSSR 
8 ute imeni P, KX, 
Beteccse 1EEn) N. Lebedev of the Academy of 


SUBMITTED: July 13, 1961 
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‘i. $/053/61/075/061/401/003 
7.5593 feo 538 1057 ee 
AUTHORS: dasov, N. G., Krokhin, 0. Ne, Orayevakiy, a. Me, Strakhovakty, 


G. Mo, Chikhachev, B. M. 


TITLE: Investigation of relativistic effects with the aid of 
molecular and atomic frequency standards 


PERIODICAL: Uspekhi fizicheskikh nauk, v. 75, no. 1, 1961, 3 = 59 


TEX2: The present paper gives a survey of experiments verifying the 
general theory of relativity, some problems in special relativity theory, 
and cosmological hypotheses by means of molecular and atomic frequency 
standards, V. L. Ginzburg (UFN, 59, 11 (1956); sb. "Eynshteyn 1 
sovremennaya fizika", M., Gostekhizdat, 1956, atr. 93 - 139) made 
suggestions for the experimental verification of general relativity theory. 
By means of cesium frequency standards with two separate resonators, an 


absolute frequency atability of £4.56107 19 was attained. aA further 


improvement of the stability of cesium stardards requires the use of 
narrower spectral lines. With siow molecule beams, an absolute stability 
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27483 
8/053/61/575/651/001/0u5 
Investigation of relutivistic effects...  B125/8108 


of up to iors was reached. A certain increase of stability may be 
attained using a beam of thallium etome instead of cesium, Up to now, 
however, the authors have no information on auch use of thallium. The 
electrical resonance method, i. e., the use of spectral lines of a 
molecular beam caused by transitions between rotational levels, guarantees 
the same stability ay in cesium standards. The frequency standards relying 
on spectral lines of monatomic alkaline metals permit very sensitive 


indications. Quartz resonators, too, give a stability of 107 '9 and, when 


immersed in liquid helium, even of 10 The power of molecular 
generators has to be amplified by means of a low-noise amplifier (@. Boy 

35 B(LBv)) and an amplifying klystron. Self-tuning is necessary for high- 
precision frequency measurements. In measurements of the gravitational 
frequenoy shift by means of molecular generators on board of artificial 
satellites, the influence of the first order Doppler effect has to be 
eliminated. This oan be done, for instance, by an exact measurement of 
long time intervals on the Earth and on the satellite with subsequent 
comparison by radiocommunication. Another method of this kind is based on 
the mixing of a signal emitted from the Earth (frequency f) with the signal 
Card 2/4 
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NSD , 
8/093/01/G675/551/001,'533 
Investigation of relativistic effects... B125/3168 


of a molecular generator. on the satellite (frequency 2f). Ionospheric 

and tropospheric fluctuations have to be taken into account. Measuremente 
of the gravitational shift of frequency are being prepared (Sci. Nows 
Lott., 76, 35 (July 18, 1959)). The gravitational shift may be measured 
from two points of different altitudo on the Earth's surface (mountain) 
without the use of satellites and, therefore, without consideration 94 the 
Doppler effect of first and second order.. For H « 3.2 km and f = 10 Cpe, 


Af = 3.4°107> cps. At present, two first-crder experiments are known for 
the verification of special relativity thecry. In one of them (proposed 
by Méller and carried out by’ Townes), two inversely directed beams of 
excited amaonia molecules were sent toward each other through tne horizontal 
resonators of two molecular generators mounted on h rotatable plate. The 
expected frequency deviations were not found in these experiments. The 
other first-order experiment with respect to (v/c) is based on the 
measurement of the phase difference of two nonsynchronized molecular 
generators placed on a rotatable base at a distance of a few meters. Some 
cosmological effects may be verified experimentally by means of highly 
Stable atomic clocks. An idea of V. A. Fok (G. M, Strakhovskiy, Doklad 
na rey is chteniyakh v MGU, 1958) concerning singular reference 
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systems is mentioned. The. variations of, the gravitational constant 

(bg « gio"? within a year, according to Dirac) can be verified by 
Comphrihg'the motion of a high-precision atomic clock with the revolution 
Period of an Earth satellite. “The eccentricity of the Earth's orbit may 
also have an influence on tha gravitational constant, ‘The hypothetical 
time dependénce u/a~107* dg/g of the'fine structure constant ae the: De 
Landau et al., DAN SSSR, 95,°497,) 773, 1177 (1954)) can be verified 
experimentally by comparing the motion of two atomic clocks of different 
types. ‘The character of grayitation may be determined. by another series 
of experiments. There are 31 figures and 113 references: 47 Soviet.and 

6 non-Sovies. The three most recent references to English-language 
publications read as follows: Missiles and Rookets, No. 1, 1961, p. 343 
Be Hoffmann, Phys. Rev. 121, 337 (1961); S. M. Bergmann, J. Appl. Phys. 31, 


275 (1960). 
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AUTHOR: Basov, N. Ge: Krokhin, 0. N.; Popov, Yu. M. by 


TITLE: State with negative temperature in _p-n transitions of degenerate 
senicomluctors . 


SOURSE: £lektronno-dyrochnyye perekhody v peluprovodnikakh., Tashkent : 
Tzd-vo AN UzSSR, 1962, 93-95 


TOPIC TAGS: semiconductor. negative temperature, population inversion, 
semiconductor interband transition, negative absorption coofficient 


ABSTRACT: Population inversion with respect to interband transitions ig 
possible only if at least one type of carrier is degenerato, Since transitions 
ot this type are referred to the diffusive portion of the volt-anpera 
characteristic, negative temperature oan be expacted in a region, near the 
pwn transition, whose thickness is of the order of the diffusion length. 
Although oryogenic troatment can produce a population inversion at any value 
of current density, however amall, a comparatively high nonoquilibriun 
concentration of minority carriera is necessary to bring the value of the 
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negative absorption coofficiony close to unit:r,. The authors compute that 
a current dansity of 10 amp/cem* 4s required in) order to achieve a density 
of the injected minority carriers of 10+5 cm”, assuming a diffusion 
coofficient of 10 on*/seo and carrier lifetime of 10720 goo, 
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B101/B102 
AUTHOR : Krokhin, 0. N. 


TITLE: Negative absorption through indirect exciton recombination 
in semiconductors 


PERICDICAL: Pizika tverdogo tela, Ve 4, no- 34, 1962, 822 - 625 


TRAT: It was demonstrated that at low temperatures the radiative 
recombination from exciton states is more probable than the recombination 
of free carriers. In that way negative absorption can occur at 4 
relatively low exoiton concentration. The total radiation intensity at 
plight deviations from equilibriun concentration is: 


a1, + aT, 2 -(nt/+) (hacyer)e™ {x /2 + on¥?/x/2R) (vgee/MoceP oft | (7). 


Here a1, 4a the radiation intensity due to free carrier recombination} aly 


4s the number of quanta emitted per unit volume per unit time in the 
spectrum range © to ord in indi tion; n' = p' 4s the 
oarrier concentration in excess of eq the carrier lifetime 
Peay to inditeot recombinations ¥ © (nw +6 -O+ u)/k? wherein € ig the 
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phonon energy; A is the minimum forbidden-band width; u is the ere 
binding energy (u>0); R is the exciton radius; vogp = (m, kT /2 nn? )3 2; 


2 2 
Nore * 2(m kT /2 mh 3/2, Porr * 2 (m, k?/2 nt 3/2 where Max? My» , denote 


the masses of the exciton, electron, and hole, respectively, Negative re 
absorption occurs when the induced radiation, equal to ne (n,, is the - 


number of quanta in the Biven oscillator), becomes greater than the nae 
O,P jdt; 


AO - 


absorption by free carriers and excitons which is equal to Ne(ov+g n+ 


0 is the absorption crogs section, N the number of quanta, and o the 
velocity of light. From a discussion of Eq. (7) it follows that a bo 
negative coefficient of absorption can occur in indirect exciton ee 


concentration that is much less than in recombination of free carriers, 

There are 5 references: 4 Soviet-bloo and 1 non-Soviet-bloc, The 

reference to the English~language publication reads ag follows: W. P. oe AN 
Dumke, Phys. Rev., 105, 139, 1957. bd 
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AUTHOR: Basov, N. G.j Krokhin, ‘0. Ne ee 
TITLE: Trensformation of strong monochromatic radiation into electric current 


SOURCE: Fiztka tverdogo tela, v. 5, no. 8, 1963, 2384-2386 i 


TOPIC TAOS: semiconductor laser, light-td-electricity conversion, light-to- 
current converter, inhomogeneous semiconductor laser, light transducer, laser 
detector 


ABSTRACT: It te sh that strong monochromatic radiation can be converted 

into electric current/in on inhomogeneous p-ien sewiconductor with strongly 
degenerate p and n regions, Space-coherent monochromatic radfation is focused 
on the semiconductor, producing electron-hole pairs. In thia case the chemical 
potential in the electron region of the semiconductor (t_) will coincide with 
the Fermi quasi-level of electrons in the 1 region (#,), and the chemical po- 
tential in the hole region (¢,) will coincide with the Fermi quasi-level of the 
holes in the 1 region (hy). ecombination current can be made small if 
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L 14972-63 : Bin Ay 
ACCESSION HR: AP3005363 ie 


te “He ~ Wp - Ey) > HP andey <p - te - Fe) > XT, | 


where Eg and Ey are energies corresponding to the adge of the electron and hole | 
gone, respectively, and T 1s the temperature of ths sexple, These conditions { 
require streng degenerecy of the n and p regions. The potential difference i 
ecross the esemple will then be Hw/e, When current 1s produced, the absorption 
factor is a function of the current and the number of quenta absorbed per unit 
time becomes [RAV + (1/e), where I ie the current end V the volume in which 
recombination occurs, The expression R&V includes recombination in the 1 region © 
es well os the recombination current. The efficiency factor n, f.e., the retio « 
of the power at the load R, to absorbed power equals 


TPRy 


“ RUXfRAV + I/e) 


For large values of 7 to be obtained, two conditions must prevail: I>e Srav 
and R, > Ry, where Ry is the internal resistence of the device (mainly of the 1 
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region), The efficiency can approach unity, 
waveguide along which the radiation is propegeted, 


should be selected so as to ensure full ebsorptior, 


possibility Mes in the utilisation of the ccherer.ca of the emission to creata | 
an optical caciliatar analogous to a semiconductor: oscillator. 


ASSOCIATION: Fizicheskty institut im. P. N. Letedeva AN SSSR, Moscow (Fhyaies | 
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TITLZ; Semiconductor quantum oscillator based on the _prn transition in GaAs 
h wena bren 
SOURCE: AN SSSR Doklady, v. 150, no. 2, 1965, :275-278 
TOPIC TAGS: laser, gallium arsenide laser, infrared a 


ABSTRACT: Coherent emission hag been Obtained fram p-n transitions on GaAs at 
77K. Tae current pulse length was less than 3 jisec and had a repetition fre- 
quency of 50 pps. Threshold current density was about 104 enp/en?. Crystal 
specinens were prepared by diffusing impurities into strongly doped GaAs to 
Secure a sufficiently flat and optically hanogerieous pen transition with an 
area of 10-3 om3. Two surfaces perpendicular to tho transition Plane were 
given optical flats and a high reflection coefficient. The width of the nar- 
rowed line beyond the emission threshola was 1t05 4. The sharp narrowing of 
the line testified to the establishnent of cavity feedback and cammencenent of 
oscillation. The brightness of the crystal, obtierved through an infrared 
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microscope, sharply increased upoa crossing the “hreshold; the bright region of 
Two photos of the bright regiocs are given, 
Increasing current density 


the crystal was 10 to 15 wide. 


corresponding to injection currents of Wand 1E a. 
reduced the width of the emitting regioas, apparently because of the stimulated 
recombination processes occurring in an area of shorter initial diffusion 
manifested simultaneous emission fran two transitions 
in parallel planes spaced 3p apart. "The autho:s express their thanks to L. 
.._f&+ Krol' for placing the monocrystals of gallium arsenide at their 
Xu. Ne Kopolev, N. N. Borzunoy, U.N. Novak, and yue P. 


hav and A. M. Jean 


13 formulas and 3 figures, 


length. Sane specimens 


with the work, and to Vv. I. Ha 
valuable advice." Orig. arte ‘haa: 
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"Plasma heating by laser radiation." 


report presented at the Intl Symp on Laser Pnysics & Applications, Berne, 
12-14 Oct 6h, 


Inst Physics im P.N. Lebedev, AS USSR, Moscow. 
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"Plasma heating by laser radiation." 


report presented at the Intl Symp on Laser Phy3ics and Applications, Bern, l2-1h 
Oct 6h. 


PN Lebedev Physical Inst, AS USSR, Moscow. 
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ACCESSION NR: AP4036408 ~ $/0030/64/000/004/0158/0160: 
AUTHOR! Krokhing 0. Ne. | | 
TITLES Ldvescisations in quantum radiophysics (scientific session) | 
SOURCE: AN 855R., Vestnik, no. 4, 1964, 158-160 


TOPIC TAGS: laser, laser conference, Laser ‘research, semiconductor 
laser, gas laser, ruby laser, Raman laser - 


ABSTRACT: A scientific session on quantum radiophysics was held 
11-12 Dacember 1963 ee fe the auspices of the Department of General 
and Applied Physics at the Institute of Physics im. P. N. Lebedev. 


. The reportSdealt mainly with the state of research in quantum radio-! 


physics, with particular attention given to lasers and their appli- 
cation. A. HM. Prokhovov presented an introductory repert on general 
principles and problems of quantum radiophyaics in the microwave, 
optical, and other ranges. He pointed out that in the microwave : 
range the employment of maser generators and amplifiers has been very | 
successful, Becguse of shetx. frequeacy stability, masers can be 
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utilized as frequency standards. In the optical range lasers make* 
it possibleto obtain a luminous energy in excess of several hundreds 
of joules in a comparatively long pulse {10° 3 sec) or a highpower up 
to 10°—109 w in a short pulse (10 °—10"" sec), so that by focusing 
the radiation the electric fields may have an intensity of up to 10 
v/cm. TIonization of atoms, dissociation of molecules, and destruction 
of crystal lattices are possible in such fields. Some of these phe- 
‘nomena werd observed axperimentally. Yu. M. Popov presented a report 
on semiconductor lasers based on a p-n transition operating in both | 
pulsed and continuous modes with high efficiency (higher than 60%) 
‘but with a stability of radiation frequency of only 10 “4 — 1075 tn : 
absolute units. <A number of currently available semiconductor. 

lasers are based on gallium and indium arsenide, indium phosphide, 
and the gallium arsenide~-phosphide solid solution. A. N, Orayevskty) 
presented a report on gas lasers. These Renerators ;possess great 
monochromaticity and frequency stability (up to 10° in absolute 
units) and small beam divergence, I. [. Sobel'man discussed lasers 
baaad on Raman scattering, used for obsarving the forced Raman affect 
and for the generation of coherent radiation. The Raman laser based 
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on Stokes lines does not require population inversion to achieve neg- 
ative absorption, A similar aituation occurs in the case of indirect 
Cransitions in semiconductors, The forced Raman effect is considered 
very suitable as the basis of wideband laser amplifiers pumped by 
sources of broad spectral composition. A..M. Bonch=Bruyevich, A. L.! 
Mikaelyan, and N. D. Devyatkov presented a series of reports dealing: 
with concrete types of lasers. B. K. Vaynshteyn reported on laser 
crystals, The reports of M. P. Vanyukov and A. M. Leontovich dealt 
with various modes of oscillations arising in lasers. Nonlinear 
effects, the generation of secondary and higher harmonics, super- 
position of radiation frequencies, phase modulation, and parametric 
generation were considered, Yu. L. Kokurin discussed the ranging of 
the Moon with the aid of a ruby laser mounted in the focus of a tele= 
scope at the Crimean Astrophysical Observatory. G. A. Askar'yan 
reviewed a number of works dealing with the investigation of plasma 
and the interaction between monochromatic luminous Paria ip and anol=- 
ecules, L,. N. Kurbatov discussed the application of stable lasers 


for measuring low velocities with the aid of the Doppler effect. 
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 TITLEs Self-consistent mode of plasma heating by laser emission 
SOURCE: Zhurnal tekhnicheskoy fiztki, Vn 34, noe 7, 1964, 1324-1327 { 


TOPIC TAGS: plasma heating, laser plasma heating, laser, controlled 
thermonuclear reaction, controlled fusion reaction . 


ee ew ol 


ABSTRACT: Basov and Krokhin (Zhurnal ekupertmental'noy 1 teoreti~ : 
cheskoy Fizikt, ve 46, 1964, 171) have previously analyzed conditions. 
under which 10’-watt lasgr emission can heat high-density plasma to 

a Cemperature of 10°—10° K. . Energy transfer was assumed to be } 
accomplished by a short powerful pulse focused on the plasma surfaces, 
The present paper treats a different case wherein the heated volyme, | 
‘has initially a near-zero plasma density which then rises dig to 


‘evaporation of material from. the containing walls. In this manner, 
laser emission is affectively converted into heat during the entire 
process, The feasibility of this concept {8s shown by proving that, 
under certain conditions, the product of the absorption coeffictent 
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and the Linear dimensions of the system .{s constant .and close to unity 
during all stages of heating. These conditions can be realized by 
focusing the laser emission into a narrow and suffiefently long conical. 
cavity so that material ts vaporized fron the inner conical surface. 
The author proves the theoretical princdple by considering a one~ 
dimensional problem of ,heating plasma confined between two parallel 
planes. The far plane represents the vaporized surface. The analysis 
concludes that 4/7 of the total laser emission energy is spent to heat 
plasma and 3/7 to vaporize and create plasma, The process is Limited! 
‘by emission power; the pulse length must be less than the plasma | 
dispersion time but more than the denaity cqualization time. Thus, | 
tf ¢ - 1078 pec, Q < 10° y for a system length of 1074 cm, and 
{ 
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Q < 10° y for a system length of 107! cm. The laser pulse heating 
of plasma can be used to make a pulsed source of neutrons generated 
in thermonuclear reactions. Orig. arte has: 15 formulas, 
e 7 . - 
, ASSOCLATION?: Fizichaskty institut {meni Lebadeva AN SSSR 

| (Physics Instituta, AN SSSR). 
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| AUTHORS: Basov, Ni G.; Krokhin, 0. N. 

TITLE: Conditions for heating a plasma by radiation from a laser , ; 
SOURCE: Zhurnal eksper. i teoret. fiz., v. 46, no. 1, 1964, 171-175 


TOPIC TAGS: plasma, plasma heating, pulsed heating, pulsed plasma 
heating, laser plasma heating, optical radiation absorption, optical 
radiation absorption coefficient, plasma thermal conductivity, elec 
tronic thermal conductivity, gas dynamic plasma expansion 


ABSTRACT: The feasibility is examined of using a laser to heat a 
dapterium plasma with ion.density of the oxder of 3 x 10 cm at 

a femperature close to 10’ deg. The optical radiation absorption 
coefficient is calculated to be approximately 10 em”), showing that 
effective absorption occurs up to high plasma temperatures. “tt is 

shown that at the plasma temperature the energy loss in the plasma 

is due essentially to electronic thermal conductivity and amounts 

to 1.3 x 1017 erg/sec., Allowance for the yas dynamic expansion of 
the plasma also ca}is for additional laser power. It is concluded J 
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that a laser power of 10° W with flash duration of.10°8 sec is capable 

‘of heating a hydrogen plasma to somewhat below 10° deg, although the : 
practical realization depends essentially on the progress in laser j 
development. “The authors are deeply grateful to L. A. Artsimovich i 
and V. I. Kogan for a discussion of the results of the work." Orig. : 
art. has: 11 formulas. 
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ITIE: Optical excitation of semiconductors 
SOURCE: Zhe okopors £ toor.s fize, Ve 16, noe 4, 1964, 1508-1510 | 


MOPIC TAGS: laser, semiconductor lascr, monochraaatic radiation, coherent i 
radiation, recaibination radiation, optical pmping, optical excitation, 3 
resonant cavity i 


| apsaRAct: Excitation af semiconductors by monochromatic radiation with tré- 
quency slightly higher than that of the edge of the 4ntrinsic absorption ‘and ! 
45 investigated theoretically. A battcry af independent p-n junctia lasers we 
is suggested as the excitation source of incoherent mmochranatic radiation. 
It is pointed out that when the intensity of {neident radiation 4s high, the sua 
Ho + Hp of Ferm quasi-levels for electrons and holes approaches the energy of 
Eneident photons Hw,. For some frequency band such that NMwW<pe + Hp »Population 
dnversion is achieved and oscillation may becane possible. An expression for 
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threshold for fg + pp corresponding to the csoillation threshold 
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Two conferences on lasers and their uses held in London and 
in Geneva. Vest. AN SSSR 35 no.4:80 Ap !45, 
(MIRA 18:6) 
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» | TITLE: Quantum electronics research 


, SOURCE: AN SSSR, Vostnik, no. 6, 1965, 101-102 
ae J 


t 

1 . Gy, 3 
! | TOPIC TAGS: quantun olectronics, olectronic conference, laser, semiconductor laser, 
laser optics ia 


ABSTRACT; /\ session of the Department of General and Applied Physics of the 
Physi sics Institute im. P. N. Lebedev, Academy of Sciences USSR, held 

in the Soviet Union on 17-18 March 1065 was devoted to quantum elec~ 
tronics and microwave propagation, The lectures on quantum electronics 
were concerned exclusively with results of researcn conducted in the 
leboratory of N, G, Basov, SUERESPOnGNIE Member of the Academy of 


Sciences, i, 


The lecture by O. N, Krokhin dealt with high-intensity lasers and 
their applications in physics,. The very high field intensities (107— 10° v/em) 
and high concentration of energy in the light wave which can be achieved 
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NR: AP5015833 , sii ? 
with such lasers make it possible to investigate nonlinear effects and 7 
the cifeets of therinal interaction with various materials, Krokhin described ‘ | 
lus research with an @-j laser (107? see pulse duration) in heating var- 
‘L0us substances at a focal point of the optical system, The energy density 
in such experiments was greater than 3 x 10!w/em? and the tempera~ 
tures attained were 100,000— 200,000K, 


wh oS 

O. Vs. Heeeniea ie Sek the state of the art of electron-beam - 
pumped semiconductor lasers, pointing out that fabrication of such lasers 
helped to expand the wavelength range for laser action (the range now 
extends from 0.5 to 5.54). The efficiency of such lasers is about 7% 
and their output is several kilowatts per pulse, l:lectron-beam-pumped 
lasers bave much greater power output potential and their coherence can 
be made to approach that of lasers fabricated from various crystals, 


Comme: 


A. 2, Grasyuk discussed optically excited semiconductor lasers 

from Ute standpoint of high-efficiency conversion of noncoherent radiation 

into coherent radiation, Present optically pumpod semiconductor Jaserg  —_ {_.. 
haye en efficiency of about 4% and a power output of up to 10 kilowatts, , 
The thickness of the active areca responsible for laser action has been ; 
increased to 1 mro, Grasyuk also discussed sone results on the nonlinear { 
“bsorption of light in semiconductors, a i. 
a Ls See oe ae Re Se Wess 
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A. Ne Orayovskly prosonted a theoretical analysis of mitimode oscillations (taking 
pnase rolationships into account) and obtained thooretically an unattenuated regime 
with a tim-modulated amplitude almilar to the spikes obsorved in laser omigsion. 
-, Ge Me Strakhovskiy doseribed a mothod in which a hycrogen beam laser is used for 


doftersdining the relaxation rates of activo moleculon. /FSB: v.1, noe 12 
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‘TITLE: The amplification coefficient and the saturation effect in homogeneously 
excited semiconductors — 4Y Z 

arrears, | Gr cabal icy 


SOURCE: Fizika tverdogo tela, v. 7, no. 9, 1965, 2612-2619 


amplification, absorption coefficient 45 z 


ABSTRACT: An attempt is made to determine the nost important effects determining 
the properties of the emission line and, therefcre, the coefficient of absorption, 
and to establish approximate relationships for simplifying the further analysis of | 
the operating regime of homogeneously excited semiconductor lasers. Homogeneous 
excitation applies to lasers with active regions the thickness of which exceeds con- 
siderably the wavelength of the emitted radiaticn, i.e., to electron~-beam-pumped 
lasers and lasers excited with photuts with an energy exceeding the width of the for 
bidden gap. In the case of direct transitions, a formula is derived for the amplifi- 
cation coefficient which ie then used to obtain the oscillation criteria for such | 
lasers, 1.e., for the threshold value of the sum of the quasi-Fermi levels of elec- 
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; LO i 
trona and holes. Rate equations are used in an analysie of the saturation effect. 

The electrodynamic analyoia of systema considered in this paper differs considerably; 

from that for a two-level laser, due to the uniqueness of the relaxation processes | ‘ 
in semiconductors with wide energy bands and broad emission lines of the order of | 

kT. Orig. art. has: 26 formulas. (cs) | 
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‘TITLE: Asymmetry in the excitation of oscillation modes in semiconductor lasers 
SOURCE: Fizika tverdogo tela, v. 8, no. 2, 1966, 511-514 25,07 ie 
TOPIC TAGS: laser theory, semiconductor laser, laser ie 


“ABSTRACT: The authors study the excitation of axial modes in semicond:. tor lasers. 
It is assumed that both the amplification factor and its spectral form are functions 
of the degree of inversion in the semiconductor. The case of direct interband tran- 


sitions in a uniformly excited semiconductor laser is studied. The analysis is 
based on rate equations for the chemical potentials of the carriers and the number 
of photons. It is shown that the relationship between the amplification factor and 
the degree of inversion (the shift in the maximum and the change in form) results 
in asymmetric excitation of axial modes. This axcitation is weakly asymmetric when 
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emission begins far from the edge of the band, while excitation is totally asymm t= 
ric when tne first mode is excited so close to the edge of the band that the fre- 
quency of the next longer mode is located beneath the edge and excitation cannot 
‘occur. “In conclusien the authors thank N. G. Basov and P. G. Yeliseyev for dis- ; 
,cussing the results and for valuable comments: Orig. art. has: 8 formulas. (24] .. 
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“TITLE: Two-photon optically excited semiconductor Laser raul 


SOURCE? Zhumal eksperimental'noy 1 teoreticheskoy fiziki, v. 50, no. 3, 1966, §51-559 


i 
-!TOPIC TAGS: laser, semiconductor laser, nonlinear optics, two photon absorption, - 
loptical excitation 


ABSTRACT: ‘The present papecis m expanded version of an earlier article ona two-photon 
optically excited GaAs laser (Zhurnal eksperimental'noy { teoreticheskoy fiziki, ; 
pis'ma v redaktsiyu, v- 1, no. 4, 1965, p. 29; (see ATD PRESS, v. 4, no. 15, 1965, 
|p. 9)). It is pointed out that in calculating the coefficients of two-photon absorp-~ 

j tion in CdC, R. Braunstein and N. Ockman (Physical Review, v. 134, no. 2A, 1964, 

p. 499) neglected the interband states in the valence band and the interference tum 

in the matrix elements, and thus arrived at incorrect results. Since a formula derived -—— 
by L. V. Keldysh (Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, v. 47, 1964, i 
p. 1945) for the probability of multiphoton absorption gives a lower value than the 
expertmentally obtained data for two-photon absorption, formulas are derived for the 
probability and the coefficient of two-photon absorption in GaAs, using the perturba- 
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Oj 
tion theory and taking into account the band structure parameters of GaAs. In additiay 
expressiom are also obtained for the dependence of the excitation intensity on the | 
penetration depth of the exciting radiation into the semiconductor and the extemal | 
coherent quantum yield and its dependence on the internal losses in the laser and on | 
‘the length of the cavity. The calcuiated data are found to be in good agreement with 
the experimental results. Orig. art. has: 18 formulas and 7 figures. {cs} 
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t ¢ 
TITLE: Heating and decay of a plasma produced by 4 giant laser puise’tocused on a 
solid target ; 


SOURCE: Zhurnal ckoperimental'noy i teoreticheskoy fiziki, v. 51, no. 4, 1966, 989= 
1000 


TOPIC TAGS: g/d niulsesLemc, plasma decay, plasma diagnostics ,laser application 
Aer , itactiucn ) ; 
ABSTRACT:4 ‘The authors obtain the distribution of the .fudarmti gro dynamics pararcters & 
the plasma produced by a giant laser pulse focused on a solid target carbav surface during 


{ts-early decay stages. The“plasma was investigated with apparatus having a high time 


resolution permitting ‘the radii of various regions of the flare to be determined as 
functions of the time. The experiments consisted of recording the charged=particle 


t 
‘ 


flow to a shielded probe (Fig. 1), the giant pulse being produced by a neodymium-glass). 


laser described elsewhere (ZhETF Pis'ma v. 2, 575 1965). ‘The motion of the luminous 


plasma boundary was investigated by high-speed photography with SFR-2M equipment at a 
time resolution of 1.5 nsec. The motion of the internal region of the flare was fole- 
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Fig. 1. Experimental setup for the de< 

termination of the R-t diagrams of the ! 
neutral boundary of the flare, 1 — Lens, , 
: 2 - semitransparent mirror, 3 = lens, ' 
; 4 = discharge gap, 5 = capacitor, 6,7 i 
; ~- mirrors, 8 = prove, 9 = target. — hie 


. : lo oscilloscope — aa ' 
lowed by a shadow method with light from a laser pulse. The absorption in the flare 
was determined indirectly by measuring the transmission coefficient, and the density 
and temperature distributions in the flare were estimated from the measurement results), 
as function of the laser power. A theoretical interpretation is proposed for the ev- 
olution of the heat rise and motion of the flarc, based on the simplifying assumption 
that the problem has spherical symmetry and that the velocity varies linearly with the 
radius. ‘The proposed theory is found to be in qualitative agreement with the exper~ 
{mental data. The authors thank V. 5, Zuyev for colleborating in the experiments. 
Orig. art. has: 10 figures and 15 formulas. 
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| TITLE: Gas dynanic processes during the heating of matter by means of a laser bean 

ea TAGS: laser radiation, radiative heating, thermodynamic process $ 
‘ 
« 


ABSTRACT: 


An investigation was made of the heating process and the gas dynamic 
motion of matter subjected to the effects of a powerful laser beam. An 
examination was made of the case when a bounded transparent mass of gas 
was heated. The problem of the heating of an initially cold and motion- 
less gas, filling a space bounded by a vacuum, was also solved. The gas 
dynamic approach for solving these problems was selected because at suf- 
ficiently powerful fluxes of laser radiation the rise in temperature is 
accompanied by the formation of gas dynamic, motion of matter (evaporation), 


- which itself exerts a substantial effect or’;the whole process of heating. 
. One of the features of the process which complicates solution of the prob= 
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lem is the dependenceof the absorptive power on the state of matter during 
its gas dynamic motion. On the basis of a system of equations for motion, 

- continuity, energy, and radiation transfer, expressed in Lagrange coordi- 

: NQhates, a system of differential equations was derived. The existence of 

- self-similar motion was shown. The results of the self-similar solution 

‘ and of the numerical calculations were obtained and compared. A study was 
mado of the possibility .of employing the results obtained to describe the 

- heating and evaporation of matter from the surface of a solid body under 
the effect of a Q-switched laser beam. The authors thank N. G. Basov, 

' §. P. Kurdyumov, and A. A. Milyutin for discussing the problem and for . 

, their advice, and V.‘V. Novikova for her help in the numerical calculations. 
Orig. art. has: 14 formulas and 5 figures. 
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A diving station on a ship bottom cleaning crano. Rech. transp, 23 
Nooll2:48-49 N '64, (MIRA 18:3) 


1, Volzhskoyo basseynovoye upravleniye puti. 
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2. USSR (60C) 


4. Concrete Consturction - TSimlyansk Hydro~Fleottio Power Station 


7. Repair of equipment in automatic concrete plants at the construction site of the 
TSimliansk hydroelectric power development. Mekh.stroi., 9, no. 12, 1952. 
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9. Monthly List of Russian Accessions, Library of Congress, 1953, Uncl 
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N.N.; KORMYAGIN, B.V.3 KROKHIN, B.A, 3 KUDOYAROV, L.I.; 
KUDRYAVTSEV, G.N.3; LARIN, S.G.; LEBEDEV , V.P.; LEVCHENKOV, 
P.N.3 LEMZIKOV, A.K.; LIPGART, B.K.; LOPAREV, A.T.; MALYGIN, 
G.F.3 MILOVIDOVA, S.A.3 MIRONOV, P,I.3 MIKHAYLOV, B.V., kand, 
tekhn. nauk; MUSTAFIN, Kh.Sh., kand. tekhn. nauk; NAZIMOV, A.D.; 
NEFEDOV, D.Ye.}3 NIKIFOROV, I.V.3; NIKULIN, I.A.; OKOROCHKOV, V.P.; 
PAVLENKO, 1.§.}3 PODROBINNIK, G.M.3 POLYAKOY, G.Ya.; PUTILIN, V.S.; 
RUDNIK, i; G.; RUMYANTSEV, Yu. S.3 SAZONOV, N.N.; SAZONOV, N. P.; 
SAULIDI, 1.P.; SDOBNIKOV, D.V.; SEMENOV, N.A,; SKRIPCHINSKIY, I.I.; 
SOKOLOV, N.F.3; STEPANOV, P.P.; TARAKANOV, V.S.; TREGUBOV, A.I.; 
TRIGER, N.L,3; TROITSKIY, A.D.; FOKIN, F.F.s5 TSAREV, B.F.; TSETSULIN, 
N.A.; CHUBOV, V.Ye., kand. tekhn. nauk; ENGEL', F.F.; YUROVSKIY, 
Ya.G.; YAKUBOVSKIY, B.Ya., prof.; YASTREBOV, M.P.; KAMZIN, I.V., prof., 
glav. red.s MALYSHEV, N.A., zam. glav. red.3; MEL'NIKOV, A.M, sam, 
glav. red. RAZIN, N.V., gam. glav. red. i red. toma; VARPAKHOVICH, 
A.F., red.; PETROV, G.D., red.; SARKISOV, M.A., prof., red.; 
SARUKHANOV, G.L., red. ; SEVAST'YANOV, V.I., red.; SMIRNOV, K.I., 
red, ; GOTMAN, T.P., red.; BUL'DYAYEV, N.A., tekhn, red. 

’ (continued on next card) 
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ALEKSEYEV, G.P.---(continued), Card 2, 


[Volga Hydroelectric Power Station; a technical report on the 
design and construction of the Volga Hydroelectric Power Sta- 
tion (Lenin), 1950-1958] Volshskaia gidroelektrostantsiia; 
tekhnicheskil otchet o proektirovanii 1 stroitel'stve Volshskoi 
GES imeni V.I.Lenina, 1950-1958 gg. V dvukh tomakh. Moskva, 
Gosenergoizdat. Vol,2.(Organization and execution of constrution 
and assembly work] Organizatsiia i proizvodstvo stroitel'no- 
montazhnykh rabot. Red. toma: N.V.Razin, A.V.Arngol'd, N.L. 
Triger. 1962, 591 Pe MIRA 16:2) 


1. Deystvitel'nyy chlen Akademii stroitel'stva i arkhitektury 
SSSR (for Razin). 
(Volga Hydroelectric Power Station (Lenin)--Design and 
construction) 
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